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A CHROMATOGRAPHY* COIiTJMN 

The present invention relates to a column for liquid chroma- 
tography. 

DESCRIPTION OF THE PRIOR ART 

In liquid chromatography on a porous matrix, a liquid in which a 
compound is dissolved is allowed to pass the matrix with the compound 
passing through one or more adsorption/ des orp tion stages in the 
matrix. 

Liquid chromatography matrices normally consist of particles (e.g. 
beads) which are packed to form a bed in a column tube. The bed is 
normally held in place in the tube with the aid of two adaptors 
(plates) which each cover a respective end of the bed and therewith 
also the cross-sectional area of the column tube. One of the adaptors 
will normally include an inlet for eluant which prior to penetrating 

the bed passes through a distributor or spreader which distributes 

the flow of eluant uniformly over the end- area of the bed. The 
distributor may have a more or less sophisticated construction. 
Typical distributors are filter papers, plates /discs in which a large 
number of holes are disposed uniformly across the plate/disc. In some 
cases, there is used a central inlet from which there extends a 
system of passageways which function to distribute the liquid to the 
distributing holes in the plate. 

m order to minimize diffusion and zone broad enin g during a 
chromatographic process, the distributor plate is placed in abutment 
with the inlet area of the matrix bed. This eliminates the risk of 
particles swirling up from the bed. One drawback with packed 
chromatography beds is that the beds readily subside such as to form 
cracks, particularly in conjunction with changes in the rate of flow 
of the eluant, or when the matrix dries out. 

An alternative to matrix beds which consist in packed particles is 
found in the so-called continuous matrices (also called monolithic 
matrices) which have been porous. This type of matrix does not tend 
to form channels as a result of subsidence or settling of the bed. By 
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continuous (monolithic) matrices is meant matrices which are 
intrinsically coherent. Matrices which consist of packed membranes or 
filters are not monolithic. 

PROBIiEMS ENCOUNTERED WITH TOE KNOWN TECHNIQUE 

It has been found that when conventional distribution techniques 
are applied to continuous matrices, it is difficult to achieve 
uniform penetration of the eluant across the end-area of the matrix. 
The eluant readily penetrates the matrix in the vicinity of the 
distribution holes but scarcely spreads to those parts of the matrix 
which lie between said holes. This results in mutually parallel, 
channel-like flows in the matrix and to a low matrix efficiency, 
which in turn results in low numbers of theoretical plates or low 
elution volumes (VJ and also in unfavourable symmetry factors 
(symmetry factors at 10% of the peak height and defined so that the 
highest symmetry factor corresponds to 1), The problem is most 
accentuated in matrices which produce low counter-pressures , i.e. 
x^cro-pbrous" matrices of large pore volumes and large pores. 

TOE INVENTION 

It h?g now been found that the number of theretical plates , elution 
volumes and symmetry factors can be improved by providing a liquid 
gap between the matrix and the distributor during the chromatography 
process. The positive effect thus achieved is because when the liquid 
penetrates into the matrix, there is created a continuous layer 
across the matrix end-area. 

the inventive liquid chromatography column is constructed from a 
column tube which includes a chromatography matrix and a distributor 
or spreader placed adjacent the inlet and functioning to distribute 
the incoming liquid. The column is characterized in that the matrix 
is monolithic and porous and in that as the liquid passes through the 
matrix, there is present between the matrix and the distributor a gap 
which does not contain matrix material. The remainder of the column 
may be of known design. The width of the gap is such as to impart 
improved properties to the column with respect to number of 
theoretical plates, symmetry factors and elution volumes in 
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comparison with tlie case when the distributor plate abuts the matrix. 

Our experimental results (see Table 1} show that the number of 
theoretical plates, elution volumes , peak widths and symmetry factors 
axe functions of gap width, and that the cbromatograpbic optimal 
values for respective functions need not necessarily be achieved with 
a common gap width. According to the invention, it is advantageous 
for the gap width to be such that the number of theoretical plates 
will ii e within ± 50% of the merx-imum value that can be achieved with 
variation of the gap widtb. Correspondingly, in accordance with the 
present invention, the gap width should be adjusted so that the 
elution volume lies within 80-100% of the total liquid content of the 
matrix. The symmetry factor should be optimized with the aid of the 
gap width in relation to the symmetry factor ob taine d when the gap 
width is zero, i.e. when the distributor lies flush with the matrix. 
Symmetry factors that can be achieved by varying the gap width are 
often 0.5-5, preferably 0.5-3. 

In practice, the above general guidelines for achieving opt imal 
chromatogra^ normally be~attained when the gap — 

width is < 2 mm, such as < 1 mm and > 0.005 mm. 

No gap is repaired in zero liquid flow conditions, but can arise as 
a result of compression of the monolithic matrix by the liquid flow. 
In practice, it is preferable that the gap is created when producing 
the column, when the inlet adaptor and associated distributor or 
spreader is moved towards the matrix inlet area, In this regard, we 
have found it very suitable to adapt the width, of the gap so that it 
is always discernible to the eye. 

The distributor will preferably be sufficiently rigid to withstand 
the pressure of the liquid flow and not flex or bulge outwards 
towards the matrix. 

Figure la illustrates an embodiment of an inventive column into which 
a flow of liijuid is introduced. The column tube (1) is 
filled with a continuous matrix (2) and the inlet area and 
outlet area of the matrix are covered by a respective 
adaptor (3 and 4) . The adaptor (3) covering the inlet area 
is provided with a liquid flow inlet (5) while the adaptor 
covering tbe outlet area of the matrix is provided with a 
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liquid flow outlet (6) . The liquid flows in the arrowed 
directions- The inlet adaptor (3) includes a distribution 
function or facility (7), preferably in the form of a 
distribution cone. A matrix- free gap (8) is located between 
the matrix inlet area and the abutment surface of the inlet 
adaptor (3) . The surface of the inlet adaptor proxi m al to 
the matrix may conveniently be bevelled from the centre of 
the adaptor and out towards the periphery thereof, so as to 
improve distribution of the incoming liquid and m i n i m ize 
the dead volume. The adaptors (3, 4) each include sealing 
elements (9), for instance in the form of O-rings, which 
seal against the inner surface of the column tube- The 
tapper adaptor includes means .(10) which en able the adaptor 
to be raised and lowered in relation to the upper surface 
of the matrix- In the case of the illustrated embodiment, 
the m ^pfi (10) has the form of a setting screw. 
Figure lb is an enlarged view of Figure la, with the same reference 
- s igiis ~as~ thcase ~~used in Figure la.~~ 
Monolithic matrices can be produced in different ways, for instance 
by the polymerization of inverse emulsions where the oil phase 
includes polymerizable monomers, or by bulk-polymerization together 
with a so-called porogen (a solvent which can be washed out after 

polymerization) - 

The requirement of a gap in accordance with the invention is 
determined by the counterpressure exerted by a continuous matrix on 
the liquid flow to be used in a chromatographic process. Discounting 
pore sizes and rates of flow, this generally means that the 
counterpressure radially across the matrix shall be smaller than the 
counterpressure axially of the matrix (in the flow direction) . 

Normally, relevant matrices will have a large pore volume (> 2 
arf/g, preferably 5-30 crnVg (measured as a dry matrix of given 
volume) ) in combination with throughf low pores that have a smallest 
diameter of 0.05 fim or larger. 

The inventive column may include a number of monolithic 
chromatographic matrices stacked ope upon the other. 

According to the invention, the chromatographic process is carried 
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out by eluting the contents of the column with, a liquid flow with 
which the counterpressure exerted radially across the matrix will he 
smaller t-Vmn the counterpressure exerted axially of the matrix (in 
the flow direction) - 

EXPERIMENTAL SECTION 
Material and Methods 

The matrix used in this experiment was a continuous matrix produced 
by polymerizing styrene/divinyl benzene in an inverse e m u l sion in 
accordance with DE 1160616 and EP 60318. The matrix was placed in a 
column tube (diameter 35 mm) . The matrix had a height of 10 mm and * 
its diameter was adapted to the diameter of the tube, so as to obtain 
sealing engagement of the matrix with the inner surface of the tube. 
The column was e<5uipped with a raisable and lower able adaptor fitted 
with an eluant distributor. The adaptor functioned to rad.se/lower the 
distribution plate relative to the end-area of the matrix when 
twisted. 

The chromatographic systei^used~TO 
(Pharmacia Biotech AB, Uppsala, Sweden) - 
The rate of flow was 300 cm/h = 48 ml/min. 
The sample was 10% (w/w-%) NaN0 3 in 0.5 M NaCl- 

Table 1. Bottom value, elution volume (V c ) , top width and symmetry 
factor as a function of gap width. 

Gap Bottom value V. Top width Symmetry factor* 
™» w/ ™ ml- — — 

0 3600 3.6 2.4 10.0 

0.13 29400 9.0 2-1 2.7 

0*19 29000 9.8 2.3 2.1 

0.25 31500 10.2 2.3 2.0 

0.31 29500 10.3 2.4 2.4 

0.38 28900 10.2 2.4 2.4 

0.50 29500 10.3 2-4 2.6 
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^Symmetry factor at 10% of the top height and defined so that the 
highest symmetry corresponds to 1. 

The results shown in the Table illustrate that bottom value, 
elution volume, top width and symmetry factor are functions of gap 
width. 
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CTiAXMS 

1- A liquid chromatography column comprised of a column tube 
including a chromatographic matrix, liquid flow inlet means and a 
liquid flow outlet means, and a distributor located adjacent the 
inlet and functioning to distribute the incoming liquid, 
characterized in that the matrix is monolithic and porous; and in 
that when eluant passes through the matrix a liquid accommodating gap 
which is devoid of matrix material is present between the matrix and 
the distributor . 

2. A column according to Claim 1, characterised in that the gap is 
smaller than 2 mm. 

3. A column according to any one of Claims 1-2, ch a r acterized in 
that as the liquid flows through the matrix during chromatography, 
the counterpressure exerted radially across the matrix is smaller 
than the count erpressure~^cer"ted" axiaily "of ~the~matrix~(in * the "flow ~ 
direction) . 



4. A column according to one of Claims 1-3, characterized in that 
the porosity of the matrix is greater than 2 craVg. 



WO 95/34359 



1/1 



PCT/SE95/00632 




1 

INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/SE 95/00632 



A, CLASSIFICATION OF SUBJECT MATTER 



IPC6: B010 15/08, G01N 30/60 

According to International Patent Classification (IPC) or to both national classification, and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC6: B0 ID, G01N 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI,N0 classes as above - 

Electronic ***** base consulted during the international search (name of data, base and, where p racticab le, search terms used) 



a DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant Co daim No. 


A 


EP 0161493 A2 (THE PERKIN-ELMER CORPORATION) , 
21 November 1985 (£1.11.85), page 3, 
line 9 - line 21; page 4, line 32 - page 5, 
line 24, abstract 


1-4 









| [ Further documents are listed in the continuation of Box C \ x| See patent family annex. 



• Special ctf e pxl e i of cited documents 

"A* A"— — «*»fiw*t«g Hi* feme** rtate nf the art bMA t« not emuMged 



to he of particular c 
*E" crUcrdocumeat but pnbltifirrl on or after the mfrmatioaal fifing date 

died to etfabSsh the pubUcanoa date or snc«herctattc»crciber 
special ream (as specified) 
*0~ docuamg referring to an oral diiclosarc. me. rrtithitfnn or other 

*p- ffffpt inT* pwM^ 1 ^ rr <f " >tr> **** fatematinnal fifing date bar later than. 



date and not la conflict with tfaa . 
the principle or theory ondetlyine. 



but 



date eg priority 
to understand 



-X* iTfrnim-^ *»f irrrf-" lw — riafanaA favennm cannot be 
consa£red novel or cannot be considered to favo Ive an inventive 



•y* docarneox of psrucnlar rdi 

considered w involve an invtntivo 
combined with ona or store other ! 
being obvtonr to a person rtUlrd fax the art 



Date of the actual completion of the international search 
Ifl Sgpfc 1995 , 


Date of maifing of the international search report 

27-09- 1995 


Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile No, +46 8 666 02 86 


Authorized officer 

Inger LSfgren 

Telephone No. + 46 8 782 25 00 



Form PCIVISA/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 
Information on patent family members 



28/08/95 



International application No, 
PCT/SE 95/00632 



Patent document 
deed la search report 



Publication 



Patent family 
ntexnberfs) 



Publication 
date 



EP-A2- 0161493 



21/11/85 



CA-A- 
DE-A- 
JP-A- 
US-A- 



1239591 
3586068 
60239668 
4587014 



26/07/88 
25/06/92 
28/11/85 
06/05/86 



?orm PCT/1SA/210 (patent famUy annex) (July 1992) 



